suggested that oedema appears to result from infusion of excessive volumes of fluid, leading to increased cardiac output and raised pulmonary artery pressure. Increased pulmonary capillary pressure,3 -shearing forces produced by increased linear flow velocities,67 and possibly increased permeability8 may cause an increase of net fluid filtration beyond the limited lymphatic capacity of the remaining lung. To investigate the occurrence of pulmonary oedema after pneumonectomy the records of all patients who underwent pneumonectomy in our hospital during the period 1975-84 were studied retrospectively. The aim of the investigation was to assess any possible relationship beween pulmonary oedema and preoperative pulmonary function, lung perfusion scan, cardiovascular condition, side of operation, and perioperative fluid balance.
Pulmonary oedema after pneumonectomy is a life threatening condition, usually leading to death. Only a few reports have been published.' The largest group of cases, which included two of our patients,2 was published by Zeldin et al. 5 In this report it was suggested that oedema appears to result from infusion of excessive volumes of fluid, leading to increased cardiac output and raised pulmonary artery pressure. Increased pulmonary capillary pressure,3 -shearing forces produced by increased linear flow velocities,67 and possibly increased permeability8 may cause an increase of net fluid filtration beyond the limited lymphatic capacity of the remaining lung. To investigate the occurrence of pulmonary oedema after pneumonectomy the records of all patients who underwent pneumonectomy in our hospital during the period 1975-84 were studied retrospectively. The aim of the investigation was to assess any possible relationship beween pulmonary oedema and preoperative pulmonary function, lung perfusion scan, cardiovascular condition, side of operation, and perioperative fluid balance.
Patients and methods
We reviewed 243 patients. 
Discussion
It has been suggested that after pneumonectomy the remaining lung is abnormally susceptible to the development of pulmonary oedema.'812 Fortunately this is a rare complication. In our patients the frequency was 4%.
In general, one or both of two mechanisms contribute to the development of pulmonary oedemanamely, an increase in capillary hydrostatic pressure ("high pressure oedema") and an increase in vascular permeability ("permeability oedema"). With normal endothelial integrity the lung is relatively resistant to the formation of oedema. One of the safety mechanisms is the lymphatic pump, which increases its pumping rate as the filtration rate rises.'3 Lymph flow rates 5-10 times the baseline rate are possible.'4 When one lung is removed, a proportional reduction of lymphatic pump capacity would be expected, with a loss of about 55% after removal of the right lung. The perfusion scan data (table) did not, however, suggest that a greater amount of functioning lung tissue had been removed in patients who developed oedema, so a reduction in lymphatic pump capacity alone seems unlikely to be responsible for the development of pulmonary oedema. Nor was their any difference in the degree of impairment of pulmonary function between the groups. Animal studies have shown that the lung tissue remaining after pneumonectomy is more susceptible to the accumulation of extravascular fluid after a haemodynamic challenge than are normal lungs.5"2 The patients with oedema did not show any more evidence of cardiovascular problems than the other patients and, although haemodynamic measurements by Swan-Ganz catheter were not obtained in all the affected patients, the normal wedge pressures in two patients with pulmonary oedema suggest that left ventricular failure was not a contributory factor. Falsely low values may, however, be obtained after pneumonectomy because of lowering of cardiac output from a reduction of the remaining cross sectional area of the pulmonary circulation by the balloon ofthe Swan-Ganz catheter.4 In two of our patients pulmonary artery pressure was raised, as reported in another study3 and in animal studies.5 This might be due to an 325 increased blood flow to the remaining lung, moving the mean capillary pressure point towards the venous side of the capillary and thus increasing the net filtration force.35 In this way high flow after pneumonectomy could increase the hydrostatic filtering force beyond the limited lymphatic pump capacity of the remaining lung.
Haemodynamic factors interact in an important way with endothelial barrier injury."' Local stress on endothelial surfaces, at critical points in the circulation, may lead to rapid and severe changes in permeability.'6 An increase in blood flowVin the remaining lung could cause an increase in tangential and shearing forces in the pulmonary microcirculation, resulting in damage to capillary walls and leakage of fluid into the interstitium and the alveoli.67 Animal studies have shown that pulmonary oedema fluid accumulating after removal of 70% of pulmonary tissue has a high protein content, consistent with increased vascular permeability rather than passive transudation alone.
The differences in perioperative fluid balances between our patients with oedema and those without oedema were significant and indicate an important role of overperfusion in the development of oedema. It is not, however, clear whether the oedema results from an increase in mean capillary pressure or from increased permeability of the endothelium or from both.
In the patients with oedema significantly more second thoracotomies had been performed (three of 11 compared with four of 232). Postoperative bleeding may have increased the risk for positive fluid balance by overperfusion. Although accurate data about fluid balance were obtained only in the first 24 hours after operation and oedema developed at a later stage (one to seven days after operation), hyperperfusion appears likely to be an important factor in postpneumonectomy pulmonary oedema. Other risk factors include a right pneumonectomy and repeat thoracotomy.
